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)LJ/RDGH[WHQVLRQJUDSKV RI 39$DQG7L2 GRSHG 39$ ILOPV
)LJXUHFOHDUO\GHPRQVWUDWHVWKHORDGH[WHQVLRQYDOXHVRI39$VDPSOHZLWKDQGZLWKRXWDGGLWLRQRI7L2 QDQR
SDUWLFOHV,WLVYHU\FOHDUIURPWKHDERYHFXUYHWKDWWKH39$H[KLELWHGORZWHQVLOHVWUHQJWKYDOXHVRIa03DDQG
H[WHQVLRQRIPP+RZHYHUZLWKWKHPLQRUDGGLWLRQRIPJRI7L2 WR39$WKHWHQVLOHVWUHQJWKLVLQFUHDVHGWR
03D7KLVVXJJHVWV WKDWDQLPSURYHPHQWRIaLQVWUHQJWKYDOXHVDVFRPSDUHGWR39$VDPSOHZLWKRXWDQ\
GRSLQJ7KHUHLVVPDOOLQFUHPHQWRIaLQFUHDVHLQH[WHQVLRQYDOXHVIRUPJGRSHG39$VDPSOHDVFRPSDUHGWR
WKH39$VDPSOHZLWKRXWDQ\GRSLQJ6LPLODUO\ZKHQPJRI 7L2 LVDGGHGWR39$VDPSOHWKHVWUHQJWKOHYHOVDUH
IXUWKHULQFUHDVHGWR03D7KLVGHPRQVWUDWHVDQLPSURYHPHQWRIaDVFRPSDUHGWRWKHVWUHQJWKYDOXHVRI
EDVH39$VDPSOH0RUHRYHUPJ7L2 ZKHQDGGHGWR39$H[KLELWHGDPD[LPXPVWUHQJWKRI03DZKLFK
LVKLJKHUWKDQWKHVWUHQJWKYDOXHRIEDVH39$VDPSOH:KLOHREVHUYLQJWKHH[WHQVLRQYDOXHRIPJ7L2LW
FDQEHVHHQWKDWIRUWKHPJDQGPJ7L2 DGGHG39$VDPSOHVH[KLELWHGLPSURYHPHQWLQH[WHQVLRQYDOXHV
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)LJXUHDDQGEGHPRQVWUDWHWKH 6(0LPDJHRI IUDFWXUHVXUIDFHRI39$PJ7L2 VDPSOH'ILOPSXOOHG
DW PPPLQ 7KHVHLPDJHVZHUHWDNHQDWWKHUHVROXWLRQRIN;DQGN;UHVSHFWLYHO\ 7KHDUURZVKRZVWKH
LQLWLDWLRQRI WKH FUDFN DQGSURSDJDWHV DORQJ WKH VDPHGLUHFWLRQ7KH HQODUJHGSRUWLRQRI $PDUNHG LQ)LJ E
GHPRQVWUDWHVWKHGLPSOHW\SHIUDFWXUHVXJJHVWLQJDGXFWLOHQDWXUH$WWKHWRSORDGFRQGLWLRQVWKHVDPSOHIDLOHGDQG
VKRZHGDEULWWOHW\SHIUDFWXUH PDUNHGDV%)URPWKHUHVXOWVLWLVFOHDUO\XQGHUVWRRGWKDWVPDOODGGLWLRQV RIPJ
7L2 DGGHGWR39$VKRZHG DQ LQFUHDVH LQWHQVLOHVWUHQJWKDQGGXFWLOLW\DVFRPSDUHGWR39$VDPSOHZLWKRXWDQ\
DGGLWLRQZKHUHDVKLJKHUFRQWHQWVRIPJDQGPJ7L2 UHVXOWHGQRWRQO\LQFUHDVH LQVWUHQJWKYDOXHVEXWDOVR
KLJKHORQJDWLRQV$VDUHVXOWGRSLQJRI7L2 LVVXEVWDQWLDOO\XVHIXOIRULPSURYLQJERWKGXFWLOLW\DQGWHQVLOHVWUHQJWK
YDOXHV7KLV LVPDLQO\GXH WR WKHSUHVHQFHRI7L2 QDQR VL]HGSDUWLFOHVZKLFKKLQGHU WKHGLVORFDWLRQPRWLRQDQG
UHVSRQVLEOH IRU KLJKHUVWUHQJWKYDOXHVDVFRPSDUHGWRWKHEDVH39$VDPSOH
&RQFOXVLRQV
39$ ILOPV ZHUH VXFFHVVIXOO\ SUHSDUHG E\ WKH VROXWLRQ FDVWLQJ PHWKRG 9DULRXV FRQFHQWUDWLRQV RI 7L2 QDQR
SDUWLFOHV ZHUH LQFRUSRUDWHGLQWRWKH39$ILOP7KHGRSLQJRI7L2 QDQRSDUWLFOHVUHGXFHGWKHRSWLFDO WUDQVPLWWDQFH
LQ39$ILOPKRZHYHUWKHOHDNDJHFXUUHQWGHQVLW\RI39$ILOPZDVGHFUHDVHGZLWKWKHDGGLWLRQRI7L27KHWHQVLOH
VWUHQJWK GXFWLOLW\ DQG GXUDELOLW\ RI 39$ ILOP DUH HQKDQFHG VLJQLILFDQWO\ ZLWK 7L2 QDQRSDUWLFOH GRSLQJ 7KHVH
VWXGLHV VKRZ WKDW 39$ ILOPV GRSHG ZLWK 7L2 QDQRSDUWLFOHV KDV WKH SRWHQWLDO WR EH XVHG DV GLHOHFWULF OD\HU LQ
HOHFWURQLFV&026DSSOLFDWLRQV
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUH WKDQNIXO WR WKH ,QGLDQ 1DQRHOHFWURQLFV 8VHUV 3URJUDP ,183 &HQWUH IRU 1DQRVFLHQFH DQG
(QJLQHHULQJ&H16(,QGLDQ,QVWLWXWHRI6FLHQFH%DQJDORUHIXQGHGE\WKH'HSDUWPHQWRI,QIRUPDWLRQ7HFKQRORJ\
',7*RYHUQPHQWRI,QGLDIRUSDUWLDOVXSSRUWRIWKLVZRUN
5HIHUHQFHV
%RQJ-LQ.LP+\XQJ-XQ.LP6XQJ0RN-XQJ<R+DQ.LP6+D7DH6LN<RRQ++/HH &DSDFLWDQFH±YROWDJHFKDUDFWHULVWLFVRI
PHWDOSRO\PHUVLOLFRQGHYLFHZLWKLQNMHWSULQWHG$JHOHFWURGH 7KLQ6ROLG)LOPV±
(+/DQG 6RPH$VSHFWVRIWKH'HYHORSPHQWRI6KHHW3RODUL]HUV -2SW6RF$P ±
*9.XPDU5&KDQGUDPDQL  ,QYHVWLJDWLRQVRQ)H GRSHGSRO\YLQ\ODOFRKROILOPVZLWKDQGZLWKRXWJDPPDȖLUUDGLDWLRQ $SSO6XUI
6FL±
%&6KHNDU99HHUDYD]KXWKL66DNWKLYHO'0DQJDODUDM6.1DUD\DQGDVV *URZWKVWUXFWXUHGLHOHFWULFDQG$&FRQGXFWLRQSURSHUWLHVRI
VROXWLRQJURZQ39$ILOPV 7KLQ6ROLG)LOPV
(+ $EGHO.DGKHU 66 +DP]D  (OHFWULFDO DQG RSWLFDO VWXGLHV RQ ȖLUUDGLDWHG SXUH DQG FKURPLXPFKORULGHGRSHG SRO\YLQ\O
DOFRKRO -0DWHU 6FL
0$.KDOHG00(/2FNHU (OHFWULFDODQGRSWLFDOVWXGLHVRQȖLUUDGLDWHGSXUHDQGFKURPLXPFKORULGHGRSHGSRO\YLQ\ODOFRKRO
-0DWHU6FL(OHFWURQ±
0-3DZDU3%.DZDUH59%LMHZDU &H 'RSHG7L2 1DQRSDUWLFOHV6\QWKHVLVDQG3KRWRFDWDO\WLF$FWLYLW\ ,QW-(PHUJ 6FL

'1+X\HQ177XQJ1'7KLHQ/+7KDQK (IIHFWRI7L2 RQWKH*DV6HQVLQJ)HDWXUHVRI7L23$1L1DQRFRPSRVLWHV6HQVRUV
±
6HUDS*XQHV10DUMDQRYLF-01HGHOMNRYLF 166DULFLIWFL 3KRWRYROWDLFFKDUDFWHUL]DWLRQRIK\EULGVRODUFHOOVXVLQJVXUIDFHPRGLILHG
7L2 QDQRSDUWLFOHVDQGSRO\KH[\OWKLRSKHQH 1DQRWHFK  
09LVKZDV6XGKLU.XPDU6KDUPD.1DUDVLPKD5DR60RKDQ.9$UMXQD*RZGD536&KDNUDGKDU  ,QIOXHQFHRIVXUIDFWDQWDQG
DQQHDOLQJWHPSHUDWXUHRQRSWLFDOSURSHUWLHVRIVRO±JHOGHULYHGQDQRFU\VWDOOLQH7L2 WKLQILOPV6SHFWURFKLPLFD$FWD3DUW$±
6XPDQ0DKHQGLD $. 7RPDU 6K\DP .XPDU  1DQR$J GRSLQJ LQGXFHG FKDQJHV LQ RSWLFDO DQG HOHFWULFDO EHKDYLRXU RI 39$ ILOPV
0DWHULDOV6FLHQFH 	 (QJJ %±
&KXQ&KHQ <DQJ <LQJ-HQJ /HH -HQ 0LQJ <DQJ  'LUHFW PHWKDQRO IXHO FHOO '0)& EDVHG RQ 39$007 FRPSRVLWH SRO\PHU
PHPEUDQHV -3RZHU6RXUFHV±
854   M. Vishwas et al. /  Procedia Materials Science  5 ( 2014 )  847 – 854 
0$1DYDUUD$ )HUQLFROD 6 3DQHUR$0DUWLQHOOL$0DWLF  (IIHFW RI IXQFWLRQDOL]HG VLOLFD SDUWLFOHV RQ FURVVOLQNHG SRO\YLQ\O
DOFRKROSURWRQFRQGXFWLQJPHPEUDQHV -$SSO (OHFWURFKHP
72KVDND),]XPL<)XMLNL 5DPDQVSHFWUXPRIDQDWDVH7L2  -5DPDQ6SHFWURVF±
%.DUXQDJDUDQ..LP'0DQJDODUDMD-<L69HOXPDQL 6WUXFWXUDORSWLFDODQG5DPDQVFDWWHULQJVWXGLHVRQ'&PDJQHWURQVSXWWHUHG
WLWDQLXPGLR[LGHWKLQILOPV 6RODU(QHUJ\0DW	 6RODU&HOOV
95DMLQLNDQWK9-LQGDO0*KRVK9*$NNLPDUGL .9HQNDWHVZDUOX  7UDQVPLVVLRQHOHFWURQPLFURVFRS\VWXGLHVRQWKHHIIHFWRIVWUDLQ
RQ$ODQG$O±6FDOOR\ 6FULSWD 0DWHULDOLD 
